Background: Only a few large-scale studies have investigated the association between health-related quality of life (HRQOL) and renal function. Moreover, the HRQOL of patients with moderate renal dysfunction is frequently underestimated by healthcare providers. This study assessed the impact of renal function on preference-based HRQOL in Korean adult population. Methods: We analyzed data for 5,555 adults from the 3 rd Korean National Health and Nutritional Examination Survey 2005. The EuroQol-5D (EQ-5D) utility score was used to evaluate HRQOL. The study subjects were stratified into three groups based on their estimated glomerular filtration rates (eGFRs): ≥ 90.0, 60.0-89.9 and 30.0-59.9 mL/min/1.73 m 2 . Individuals with advanced renal dysfunction were excluded from the analysis. Results: The proportions of participants who reported problems in each of the five EQ-5D dimensions increased significantly with decreasing eGFR. However, a significant decrease in the EQ-5D utility score was observed among participants with an eGFR of 30.0-59.9 mL/min/1.73 m 2 . Participants with an eGFR of 30.0-59.9 mL/min/1.73 m 2 had an almost 1.5-fold higher risk of impaired health utility (the lowest quartile of EQ-5D utility score) compared with those participants with eGFRs ≥ 90.0 mL/min/1.73 m 2 , after adjustment for age, gender, health-related behaviors, socioeconomic and psychological variables, and other comorbidities. Among the five dimensions of the EQ-5D, an eGFR of 30.0-59.9 mL/min/1.73 m 2 was an independent determinant of self-reported problems in the mobility and pain/discomfort dimensions. Conclusions: Although age affects the association between renal dysfunction and the EQ-5D, moderate renal dysfunction seems to be an important determinant of impaired health utility in a general population and may affect the mobility and pain/discomfort dimensions of health utility.
Background
Generic preference-based health-related quality of life (HRQOL) instruments, which generate health state values as a single numerical index, have been proposed for use in health-economic analyses for comparing HRQOL across different diseases and allocating proper healthcare resources [1, 2] . Because chronic kidney disease (CKD) is highly interactive with various comorbidities including diabetes, cardiovascular and cerebrovascular diseases, the substantial healthcare expenditure for patients with CKD cannot be directly attributed to CKD itself [3] . Indeed, an inadequate financial policy for pre-dialysis CKD is one of the barriers preventing improved patients outcomes [4] . Thus, preference-based HRQOL measurement based on renal function is needed for proper allocation of healthcare resources to CKD patients.
Although CKD is a progressive and life-long condition with multiple medical comorbidities, its implications for HRQOL have only been studied, for the most part, in the advanced stages of CKD (stage 4-5) [5] . The HRQOL in patients with advanced CKD is significantly impaired and is an important indicator of future mortality [6] . More recently, however, the high mortality rate and prevalence of comorbid conditions even in patients in the earlier stages of CKD [7] has raised concerns that HRQOL could also be reduced in these patients. Indeed, there is considerable evidence of decreased HRQOL among patients with mild-to-moderate renal dysfunction compared with the population with normal renal function [8] [9] [10] [11] . However, only limited information is currently available regarding estimates of the relative impact of renal dysfunction on HRQOL and predictors of HRQOL as targets of intervention. Previous studies have demonstrated that various comorbid conditions, such as anemia, hypertension, frailty, symptom burden, and depression, negatively affect HRQOL in pre-dialysis CKD patients [12] . However, these studies have limited generalizability because they either are based on a non-representative sample [9, [13] [14] [15] [16] or do not allow for integration of HRQOL measures into healtheconomic analyses because of the use of non-preferencebased models [11] .
Therefore, a population-based study of the relationship between renal function and preference-based health utility measures may contribute to a comprehensive public health strategy for the management of CKD. In the present study, we analyzed population-based data from a nationwide cross-sectional health survey to determine the association of health utility with mild-to-moderate renal dysfunction.
Methods

Participants
The data analyzed in this study were obtained from the 3 rd Korean National Health and Nutritional Examination Survey (KNHANES) 2005, which included a population-based random sampling of 34,145 individuals in households across 600 national districts. The survey was conducted with a stratified, multi-stage, clustered probability design in order to select a representative nationwide sample of the non-institutionalized Korean population. A total of 28,590 subjects were excluded from this study because they were age < 18 years (n = 8,292), did not complete either the EQ-5D questionnaire (n = 9,720) or blood test (n = 27,731), or had advanced renal dysfunction (n = 12). After the above exclusion criteria were applied, 5,555 individuals aged 18 years or older who had an estimated glomerular filtration rate (eGFR) ≥ 30 mL/min/1.73 m 2 were included in this investigation. Because the analyzed survey data are publicly available, ethical approval was not required for this study.
Health-related quality of life HRQOL was measured using the EuroQol-5D (EQ-5D) questionnaire, a widely used generic preference-based instrument [17, 18] . The EQ-5D consists of five questions regarding current health status in terms of mobility, selfcare, usual activities, pain or discomfort, and anxiety or depression. Each question has three possible responses: "no problems", "some problems", and "extreme problems". The EQ-5D health states are defined as a combination of the responses for each item and the survey can therefore yield 3 5 (= 243) possible combinations of responses. These responses were converted into weighted values according to the Korean value set [19] , and the average was calculated as a quality adjustment weight for each health state. The EQ-5D instrument has been translated into Korean, and its validity (Spearman correlation coefficient with the first question of the Health Survey Short-Form 36:-0.51 in EQ-5D) and reliability (test-retest reliability) have been demonstrated previously [19, 20] .
Laboratory parameters
Blood samples were collected after a 12-hour overnight fast; they were properly processed, immediately refrigerated, and transported in cold storage to the central laboratory (Seoul Medical Science Institute, Seoul, Korea) within 24 hours. Serum creatinine, glucose, and lipid levels were measured using the ADVIA 1650 system (Bayer Health Care, Tarrytown, NY). The serum creatinine concentration was measured using the kinetic Jaffe method, and the inter-assay coefficient of variation was less than 5%. Because the creatinine assay was not calibrated to be traceable to an isotope dilution mass spectrometry (IDMS), eGFR was calculated using the original Modification of Diet in Renal Disease (MDRD) equation as follows: eGFR = 186.3 × (serum creatinine) -1.154 × (age) -0.203 × 0.742 (if female) [21] . Proteinuria was measured by the urine dipstick test.
Demographic and clinical characteristics
Demographic characteristics included age, gender, marital status (living with/without a spouse), education level (no education or elementary school graduate/middle or high school graduate/university graduate or higher), occupational status (white collar/blue collar/student, soldier or housewife/no occupation), residential area (rural/urban), and monthly individual income (lowest quartile/2 nd and 3 rd quartile/highest quartile) in US dollars. Individuals who were legally married or cohabiting were considered to have a spouse; single, divorced, or separated individuals were categorized as not having a spouse. Information about various comorbidities was also collected. Hypertension was identified in individuals who met at least one of the following three criteria: physician diagnosis of hypertension, self-report of antihypertensive drug intake, and systolic blood pressure (SBP) ≥ 140 mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg. Blood pressure was measured manually twice at 30-second intervals after a minimum of five minutes of rest in a seated position, and the mean values were used to identify hypertensive participants. Diabetes was diagnosed in subjects with a fasting plasma glucose ≥ 126 mg/dL or those patients who were identified in the health interview survey as actively using an oral hypoglycemic agent or insulin. Diagnosis of metabolic syndrome was based on the presence of three or more of the following: (1) waist circumference ≥ 90 cm for men or ≥ 80 cm for women [22] , (2) triglyceride levels ≥ 150 mg/dL, (3) high-density lipoprotein cholesterol levels < 40 mg/dL for men or < 50 mg/dL for women, (4) SBP ≥ 130 mmHg or DBP ≥ 85 mmHg or self-report of antihypertensive drug therapy, and (5) fasting plasma glucose level ≥ 100 mg/dL or self-report of ongoing treatment with an oral hypoglycemic agent or insulin. Anemia was defined as a hemoglobin level of < 13 g/dL for men and < 12 g/dL for women. Information regarding ischemic heart disease and cerebrovascular accidents was acquired from self-reported history. Ischemic heart disease included angina pectoris and myocardial infarction. Proteinuria was categorized into 3 groups according to the degree of proteinuria measured by the dipstick as negative, mild (trace to 1+), or heavy (2+ to 4+).
Information on health-related behaviors such as smoking status (life-time smoker/non-smoker), alcohol intake (less than once per month/more than once per month), and regular physical activity of moderate intensity (more/ less than three times per week) was obtained from the health questionnaire. Life-time smokers included those adults who reported that they had smoked at least 100 cigarettes in their lifetime, and non-smokers included respondents who had smoked fewer than 100 cigarettes in their lifetime and did not smoke at the time of the survey. Moderate-intensity activities were defined as those lasting at least 10 minutes and causing a slight increase in the individual's heart rate compared with sedentary activities; table tennis, swimming, yoga and badminton were included as moderate-intensity activities, but walking was excluded. Psychological variables from questionnaires included self-reported stress (none or small amount/some or extreme) and sleep quality (sufficient/insufficient).
Statistical analysis
Data are presented as frequencies and percentages for categorical variables. Continuous variables are reported as means with standard deviations. Estimated GFR values were stratified into three categories (≥ 90.0, 60.0-89.9, and 30.0-59.9 mL/min/1.73 m 2 ). Differences in demographic, socioeconomic, and psychological factors, as well as in health-related behavioral patterns and the EQ-5D utility scores across the eGFR categories were compared using the χ 2 test for trends (linear-by-linear association) for categorical variables. Similarly, a one-way analysis of variance was used to demonstrate the linearity of continuous variables across eGFR categories.
Univariate logistic regression analysis was performed to assess the relationship between impaired health utility (EQ-5D index score in lowest quartile) [23] and clinical or demographic data. Variables that showed significant association in the univariate analysis or that were of considerable theoretical relevance were entered into the multivariate logistic regression analysis using the backward conditional elimination method. To analyze the determinants of problems in each of the five EQ-5D dimensions, the three possible responses were dichotomized as "no problem" or "any problem", and a multivariate logistic regression analysis was performed with the presence of "any problem" as the dependent variable. Covariables that had co-linearity were excluded from the multivariate analyses. An analysis of covariance (ANCOVA) with the Bonferroni correction was used to estimate age-adjusted distributions of the EQ-5D utility score according to serum eGFR. All analyses were conducted using SPSS software (version 19.0, SPSS, IL), and P < 0.05 was considered to indicate statistical significance.
Results
Characteristics of the study population
The demographic characteristics of the participants, stratified by eGFR, are shown in Table 1 . The mean age of the study subjects was 46.5 ± 15.7 years, and 42.8% were male. A total of 716 participants had an eGFR of ≥ 90.0 mL/min/ 1.73 m 2 , 4,353 had an eGFR of 60.0-89.9 mL/min/1.73 m 2 , and 486 had an eGFR of 30.0-59.9 mL/min/1.73 m 2 . The mean eGFR of each group was as follows: 96.7 mL/min/ 1.73 m 2 in the group with eGFRs of ≥ 90.0 mL/min/1.73 m 2 ; 75.3 mL/min/1.73 m 2 in the group with eGFRs of 60.0-89.9 mL/min/1.73 m 2 , and 55.9 mL/min/1.73 m 2 in the group with eGFRs of 30.0-59.9 mL/min/1.73 m 2 . Subjects with a lower eGFR were older, predominantly women, and more likely to have comorbidities, including diabetes, hypertension, metabolic syndrome, anemia, ischemic heart disease and cerebrovascular accidents. Table 2 shows the variables associated with healthrelated behaviors, socioeconomic status, and psychological variables. Subjects with a lower eGFR showed better health-related behavioral patterns, including lower rates of smoking and alcohol consumption. On the other hand, the proportion of subjects living in a rural area, having no occupation, or with less education was significantly higher as the eGFR decreased. In addition, household income also decreased with decreasing eGFR. Although the degree of stress did not differ between eGFR groups, the proportion of participants experiencing poor sleep quality increased significantly with decreasing eGFR and was particularly low in the group with eGFRs of 30.0-59.9 mL/min/1.73 m 2 .
HRQOL: EQ-5D dimensions and health utility score
The proportions of participants reporting problems (some problem/extreme problem) in each dimension of the EQ-5D questionnaire are shown in Figure 1 . There was a significant increase in reported problems in all dimensions of the EQ-5D with decreasing eGFR. In total, 46.1% of participants with eGFRs of 30.0-59.9 mL/min/1.73 m 2 had problems with mobility, 9.6% had problems with self-care, 32.6% had problems with usual activity, 70.5% had problems with pain/discomfort, and 37.8% had problems with anxiety/depression. The crude EQ-5D utility score significantly decreased with decreasing eGFR (Figure 2A) . The mean ageadjusted EQ-5D utility score for all participants was 0.845 ± 0.004 (standard error of the mean). The ageadjusted EQ-5D utility score was significantly lower among participants with an eGFR of 30.0-59.9 mL/min/ 1.73 m 2 (0.807 ± 0.009) compared with those participants with an eGFR of ≥ 90.0 mL/min/1.73 m 2 (0.857 ± 0.003) or 60.0-89.9 mL/min/1.73 m 2 (0.870 ± 0.003) ( Figure 2B ). Figure 3 shows data from a nationally representative catalogue of age-adjusted mean EQ-5D utility scores for major chronic diseases, as derived from data from the 3 rd KNHANES [24] . When our results were integrated with the data from that catalogue, we found that individuals with an eGFR of 30.0-59.9 mL/min/1.73 m 2 had lower utility scores than those individuals with chronic obstructive pulmonary disease, asthma, hypertension, or diabetes.
Correlates of impaired health utility
A logistic regression model was built to assess factors that were significantly associated with impaired health utility, defined as an EQ-5D utility score in the lowest quartile. To perform logistic regression analysis, certain continuous values were transformed into categorical values, as previously described. Subjects were divided into three age groups, as follows: < 40 years old, 40-60 years old, and ≥ 60 years old. Body mass index and lipid levels were considered as components of metabolic syndrome. Table 3 displays the results of univariate and multivariate analyses for impaired HRQOL. In the univariate regression analysis, variables including age, gender, health-related behaviors (smoking, alcohol intake), socioeconomic factors (marital status, area of residence, occupation, education, and household income), psychological factors (stress, sleep quality), and other co-morbidities (e.g., hypertension, diabetes, metabolic syndrome, ischemic heart disease and cerebrovascular disease) showed significant association with impaired health utility. However, the degree of proteinuria failed to prove its association with health utility in the univariate regression analysis.
In the multivariate analysis, an eGFR of 30.0-59.9 mL/ min/1.73 m 2 was one of the independent risk factors predicting impaired health utility (odds ratio (OR) 1.531; 95% confidence interval (CI) 1.077-2.176; P = 0.018) after adjustment for age, sex, comorbidities (diabetes, hypertension, metabolic syndrome, ischemic heart disease, and cerebrovascular accidents) health-related behaviors (alcohol intake, smoking, and physical activity), socioeconomic factors (marital status, occupation, education, rural residence, and income) and psychological factors (stress and sleep quality).
In the binary multivariate logistic regression on EQ-5D responses, an eGFR of 30.0-59.9 mL/min/1.73 m 2 was significantly associated with reported problems in the mobility (OR, 2.192; 95% CI, 1.178-4.077; P = 0.013) and pain/discomfort dimensions (OR, 1.574; 95% CI, 1.113-2.225; P = 0.010). Although impaired renal function was significantly associated with the self-care, usual activities, and anxiety/depression dimensions in the univariate analyses, these associations lost statistical significance after adjustment for covariates (Table 4 ).
Discussion
This is the first population-based analysis of the impact of renal dysfunction on preference-based health utility using a generic preference-based instrument. In this cross-sectional study, we found that moderate renal dysfunction is independently associated with reduced health utility, particularly in the domains of mobility and pain/ discomfort.
Until recently, increasing comorbidities, along with the progression of CKD, was thought to play an important role in reduced HRQOL in patients with renal dysfunction [12] . There are, however, conflicting data on the association between HRQOL and renal function itself, especially among patients with mild-to-moderate renal dysfunction. In the Renal Research Institute-CKD study [25] , eGFR had no linear association with HRQOL, and low eGFR was not an independent determinant of reduced HRQOL. Similarly, Odden et al. [9] found that age-adjusted HRQOL is significantly associated with renal dysfunction but that the effect is attenuated by demographic and socioeconomic variables. However, these studies were performed using subjects who had either profound renal dysfunction [25] or a history of cardiovascular events [9] , both of which are major confounders in a HRQOL analysis. Therefore, these data may not be applicable to population with mild-to-moderate renal dysfunction. On the contrary, Chin et al. [14] reported that an eGFR value of 45 mL/min/1.73 m 2 or lower is an independent determinant of impaired HRQOL in the elderly Korean population. Similarly, in a population-based study in Australia, Chow et al. [11] reported that an eGFR lower than 60 mL/min/1.73 m 2 is significantly associated with an impaired HRQOL after adjusting for comorbidities associated with CKD. In accordance with previous population-based studies, we also demonstrated that an eGFR of 30.0-59.9 mL/ min/1.73 m 2 remains an independent predictor of impaired HRQOL after adjustment for demographic, socioeconomic and psychological factors, and major comorbidities associated with CKD. We hypothesize that the conflicting findings regarding the impact of renal function on preference based health utility are largely due to the differences in study subjects in terms of their renal function and comorbidities. Because the number and severity of comorbidities increase with the progression of CKD, it can be assumed that GFR is a more important determinant of health utility in mild-tomoderate renal dysfunction. Thus, early detection of renal dysfunction and proper therapeutic intervention are important to public health efforts aimed at improving health utility.
In this study, the dimensions of EQ-5D that were particularly affected by moderate renal dysfunction were mobility and pain/discomfort, suggesting that these two components are responsible for the reduction in health utility scores that is associated with declining renal function. Although physical inactivity or functional limitations are frequently observed even in patients with mildto-moderate renal dysfunction and are also a modifiable risk factor for mortality [26] [27] [28] [29] , there are conflicting data regarding the impact of renal function on physical activity in these patients. Data from a community-based survey of the US adult population showed that impairment in physical function among CKD patients is related to comorbidities and old age rather than to renal function itself [26] . However, other reports have suggested that renal dysfunction is directly associated with impaired physical function in elderly persons, independent of comorbidities [14, 30] . Similarly, the prevalence of frailty, of which loss of mobility is a key component, increases with decreasing renal function in elderly cohorts, independent of comorbidities. Although the reasons for the association are unclear, unmeasured confounding variables such as sarcopenia [31] , inflammation [32] , malnutrition, or other co-morbidities may play a role [12] .
In addition to impaired mobility, we found that more than 70% of the participants with an eGFR of 30.0-59.9 mL/min/1.73 m 2 reported that they had some or extreme pain or discomfort, and an eGFR of 30-59.9 mL/min/1.73 m 2 remained an independent risk factor for self-reported problems in the pain/discomfort dimension after adjusting for covariates. Similarly, the Renal Research Institute-CKD study showed that the presence of physical pain among patients with CKD stages 3-5 was associated with lower HRQOL [25] . Unfortunately, chronic pain is often not only unrecognized, but also inadequately treated in the CKD population [33] . Therefore, regular screening for pain and the development of safe and effective treatments for chronic pain are necessary to improve HRQOL in the CKD population.
The EQ-5D is a useful preference-based measurement of HRQOL that incorporates values or utilities for health status and can be used in health-economic analyses to optimize resource allocation [34, 35] . In this study, we found that age-adjusted EQ-5D utility scores in participants with moderate renal dysfunction are lower than in patients with diabetes, hypertension, asthma or chronic obstructive pulmonary disease. Despite the substantially lower health utility of these patients and the chronicity of the disease, CKD awareness is extremely low in both highand low-income countries [36] . Indeed, the awareness rate Values shown are OR (95% CI). Impaired HRQOL was defined as the lowest quartile of EQ-5D weighted values. Potential risk factors in the unadjusted analysis (P < 0.05) were included in the adjusted analysis. The multivariate logistic regression analysis model was derived using the backward conditional method. †Students, soldiers and housewives; ‡middle and high school graduates; §elementary school or no education. HRQOL, health-related quality of life; eGFR, estimated glomerular filtration rate (mL/min/1.73 m 2 ); OR, odds ratio; CI; confidence interval of CKD (stage I to III) has been reported to be lower than 10%, whereas the awareness rates of diabetes and hypertension are 55.8% and 51% respectively in Korea [37] . Moreover, the World Health Organization (WHO) does not yet recognize CKD as a major chronic disease that must be prevented to reduce mortality. Even though it seems apparent that early CKD detection and proper intervention can vastly reduce healthcare expenses for end-stage renal disease, these preventive strategies are implemented less frequently than recommended, even in developed countries. In addition, according to the budget expenditure report of the Centers for Disease Control and Prevention, CKD was allotted the smallest budget considering the burden of the disease [38] . Taken together, these findings suggest that healthcare resource allocation for CKD is inadequate. Under such circumstances, the results of this study provide evidence that moderate renal dysfunction may be worthy of a proportionate allotment of the available healthcare resources. This cross-sectional study has several limitations that needed to be addressed. First, the present data showed skewed distributions of gender and eGFR groups. In this study, the proportion of the subjects in the normal renal function (eGFR ≥ 90.0 mL/min/1.73 m 2 ) group was lower than that of the mildly decreased renal function group (eGFR 60.0-89.9 mL/min/1.73 m 2 ). In addition, the proportion of women was higher compared with men, especially in the stage III CKD group compared with other population-based studies [39] . Although these deviant distributions may be partly explained by the inaccuracy of the MDRD equations in Asian populations [40] , and an incorrect coefficient factor for female gender, which Values shown are OR (95% CI). Cells with a dash indicate that the variable was not included in the model. Cells with two dashes indicate that the variable was included in the multivariate model but excluded after the multivariate analysis. The multivariate logistic regression analysis model was derived using the backward conditional method. † Students, soldiers and housewives; ‡ middle and high school graduates; § elementary school or no education; *P < 0.05; **P < 0.001; # P < 0.001. eGFR, estimated glomerular filtration rate (mL/min/1.73 m 2 ); OR, odd ratio; CI, confidence interval underestimates true GFR [41] , the possibility of potential selection bias cannot be ruled out in this study. Second, the possible confounding effect of age which is strongly associated with both CKD and health utility could also affect the results. Furthermore, the associations we observed were only inferred from this analysis, and unmeasured residual confounding should be considered in when interpreting our results. Third, the method for serum creatinine measurement was not calibrated to be traceable to IDMS. Thus, there is the possibility of under-estimating the GFR in participants with GFR over 60 mL/min/1.73 m 2 [42] . Finally, no longitudinal data were available on the associations between health utility and mortality or progression to end stage renal disease among CKD participants. The precise reason why renal impairment contributes to decreased health utility was not investigated in this cross-sectional analysis, and the interventions that could positively affect CKD patients' health utility remain unknown.
Conclusions
In this study, moderate renal dysfunction was independently associated with impaired health utility in a Korean adult population, even though age had substantial influence on the association. Reduced mobility and increased pain or discomfort were the two dimensions significantly that were affected by moderate renal dysfunction. In addition, subjects with moderate renal dysfunction showed lower age-adjusted health preference scores than those subjects with major chronic diseases including diabetes and hypertension. These results indicate that more careful assessment of preference-based utility and proper healthcare resource allocation are required for patients with moderate renal dysfunction to improve clinical outcomes.
